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Supplementary Figure 1. A schematic diagram of the crystal structure of LiMnO3 viewed along
the [110] direction. The crystal structure is monoclinic symmetry and the space group is C2/m (ref.
1. This structure can be regarded as an ordered rocksalt-type structure and is composed of Li,

Mn/Li, and O layers with an ABC-type stacking sequence along the [103] direction.



Supplementary Note 1. To confirm the validity of the climb motion of dislocations during
delithiation, we further observed the lower degree of delithiation via shorter immersing time of 8
h in NO:BF; solution (originally 16 h in Fig. 3). Supplementary Figure 2 shows (a) atomic-
resolution HAADF-STEM image and (b) the corresponding strain €, map obtained from the
delithiated/pristine interface. Compared to Fig. 3, the location of the interface is much closer to
the specimen surface, suggesting that the present delithiation stage is earlier than Fig. 3b. In
addition to the cation mixing at the delithiated regions, dislocations are observed at the interface,
which is well consistent with the previously observation in Fig. 3. Therefore, it should be
reasonable to conclude that the growth of delithiation could be accompanied with the climb motion

of dislocations.
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Supplementary Figure 2. a Atomic-resolution HAADF-STEM image of the interface between
pristine and delithiated regions, where the single crystal was immersed in NO2BF; solution at 8 h.
The Burgers circuits are drawn by yellow lines. b The strain map of ¢, derived from GPA analysis
is overlaid on the corresponding HAADF-STEM image of a. The scale bar in a is 1 nm.



Supplementary Note 2. To characterize our pristine single crystals, we performed X-ray
diffraction that is shown in Supplementary Fig. 3. The observed Bragg reflections are assigned to
be 00/ systematic reflections. This is because our single crystals are highly oriented along the
[103] direction (normal to the (001) plane), which could be found in the inset of optical image.
For the further basic structural characterization, we also performed electron diffraction analysis in
several crystal orientations and these results are well consistent with the previously reported
LixMnOs structure. We note that no significant other phase or precipitations are not found in both

diffraction analyses, and therefore our single crystals can be considered as the single phase.
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Supplementary Figure 3. a X-ray diffraction pattern obtained from the pristine single crystal
(inset photograph). All the reflections are indexed by the monoclinic Li-MnOj structure (ref. !).
The asterisk indicates the existence of an unknow phase with a significantly small amount. b — d
Selected area electron diffraction patterns obtained from the pristine single crystal viewed along
the [103], [100] and [010], respectively, where all indices are the monoclinic Li-MnOs. The
electron diffraction in ¢ can be considered as the superimposed patterns of the [100], [110], and
[110] (ref. 2), and the diffuse streaks along the c-axis indicated by the arrows are attributed to

stacking faults on the Mn/Li layers (refs. >#). The scale bar in inset of a is 1 mm.
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Supplementary Figure 4. a HAADF-STEM image obtained from the pristine sample. b —d EEL
spectra obtained from the locations indicated by the circles in a: b Mn-M, Li-K edges, ¢ O-K edge,
d Mn-L,3 edges, respectively. Although b and d show spectral changes similar to those in Fig. 1f
and h, respectively, they are found only in a few unit cells at the surface. e, f Calculated atomic
ratios of Li/Mn and O/Mn from the integrated intensities in b — d, respectively. The grey circles
indicate the values obtained from the delithiated sample (see Figs. 1i, j in main text). Li/Mn

variation was observed only in a few unit cells at the surface and no significant oxygen release was
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detected. The scale bar in a is 2 nm.
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